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(g) Compression release engine braking systems. 



(57) In a compression release engine braking sys- 
tem for a turbocharged internal combustion 
engine, excessive stress associated with open- 
ing the exhaust valves of the engine near top 
dead center of engine compression strokes 
when the engine is turning at high speed is 
prevented by reducing the intake manifold 
pressure from what it otherwise would be at that 
high speed. This is done by retarding the tur- 
bocharger so that its speed is less than it 
otherwise would be at high engine speed. Tur- 
bocharger retarding can be accomplished in 
any of several ways such as by restricting the 
flow of engine exhaust gas to or from the 
turbocharger, or by allowing a portion of the 
exhaust gas to bypass the turbocharger. 
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Background of the Invention 

This invention relates to compression release en- 
gine braking systems for turbocharged internal com- 
bustion engines, and more particularly to such sys- 
tems in which increased braking horsepower can be 
provided at low and moderate engine speeds without 
unacceptably high stress on components of the en- 
gine and engine brake at high engine speeds. 

Compression release engine brakes for internal 
combustion engines are well known as shown, for ex- 
ample, by Cummins U.S. patent 3,220,392. The pur- 
pose of such brakes is to convert the associated en- 
gine from a power source to a power sink when brak- 
ing is desired. Such power sinking may be helpful to 
assist the wheel brakes of a vehicle (e.g., a tractor 
trailer truck) propelled by the engine, thereby pro- 
longing the life of the wheel brakes and increasing the 
safety of operation of the vehicle. When engine brak- 
ing is desired, the flow of fuel to the engine is cut off 
and the engine brake is turned on. Turning on the en- 
gine brake causes it to open at least one exhaust 
valve in at least one engine cylinder (preferably sev- 
eral or all engine cylinders) each time the piston in 
that cylinder nears top dead center of its compression 
stroke. This releases to the exhaust manifold of the 
engine the gas compressed in the cylinder and pre- 
vents the work done in compressing that gas from be- 
ing recovered in the subsequent "power" stroke of the 
piston. The engine therefore dissipates the work of 
compressing the gas thus exhausted, and that dissi- 
pated work brakes the engine and the associated ve- 
hicle. In effect, the engine brake temporarily converts 
the engine to a gas compressor in order to make the 
engine absorb work or energy. 

The typical compression release engine brake 
opens exhaust valves in the associated engine as de- 
scribed above by picking up an appropriately timed 
motion from another part of the engine and transmit- 
ting that motion to the exhaust valve or valves to be 
opened. For example, a fuel injector pushtube of one 
cylinder may be in motion when the engine brake 
needs to open the exhaust valve or valves of another 
cylinder. The engine brake may therefore be provided 
with a hydraulic circuit between a master piston oper- 
ated by the fuel injector pushtube mechanism and a 
slave piston which operates on the exhaust valve 
mechanism. When the engine brake is turned on, this 
hydraulic circuit is sealed so that a fuel injector input 
to the master piston is transmitted to the slave piston, 
thereby causing the slave piston to open the associ- 
ated exhaust valve or valves at the proper time. 

If the engine associated with an engine brake is 
turbocharged, the force required from the engine 
brake to open the exhaust valves of the engine near 
top dead center of its compression strokes tends to 
increase substantially as engine speed increases and 
turbocharger effectiveness increases accordingly. A 



turbocharger uses the exhaust gases of the engine to 
spin a turbine. The turbine powers a rotary pump for 
forcing more gas into the intake manifold and cylin- 
ders of the engine. This increases the gas pressure 

5 in the cylinders, thereby increasing the force required 
to open the exhaust valves near top dead center of a 
compression stroke. A turbocharger has relatively lit- 
tle, effect on the associated engine at low engine 
speed, but its effect increases substantially at higher 

10 engine speeds. When the engine is operating at high 
speed and the associated turbocharger is therefore 
highly effective, the force required from the engine 
brake in order to open the exhaust valves may be- 
come unacceptably high. For example, the load on 

15 the push-tube mechanism may exceed the load al- 
lowed on that mechanism by the engine manufactur- 
er. This has typically necessitated adjusting the tim- 
ing of the engine brake so that it does not attempt to 
open the exhaust valves so close to top dead center. 

20 However, this tends to reduce the effectiveness of the 
engine brake. Moreover, this reduction in engine 
brake effectiveness occurs at all engine speeds, even 
though the problem of unacceptably high loads or 
stresses only occurs at relatively high engine speeds. 

25 In view of the foregoing, it is an object of this in- 

vention to provide compression release engine brak- 
ing systems for turbocharged engines which provide 
increased engine brake effectiveness at low and 
moderate engine speeds without producing unac- 

30 ceptably high stresses at high engine speeds. 

It is another object of this invention to provide 
compression release engine braking methods and ap- 
paratus which increase the engine braking available 
at low and moderate speeds without causing unac- 

35 ceptably high stresses in the engine or engine brake 
at higher engine speeds. 

Summary of the Invention 

40 These and other objects of the invention are ac- 

complished in accordance with the principles of the in- 
vention by providing compression release engine 
braking systems for turbocharged engines in which 
an indicator of engine speed is monitored. For exam- 

45 pie, engine speed may be monitored directly by a 
tachometer. Alternatively, intake manifold pressure 
may be monitored because intake manifold pressure 
tends to increase with engine speed due to increased 
turbocharger effectiveness at higher engine speeds. 

so When the engine speed parameter or indicator reach- 
es a predetermined threshold level, any further in- 
crease in intake manifold pressure due to still greater 
engine speed is substantially prevented by prevent- 
ing any substantial further increase in turbocharger 

55 speed. This retarding of the turbocharger can be ac- 
complished in any of several ways. For example, the 
flow of exhaust gas to or from the turbocharger can 
be somewhat reduced (e.g., by a flow restrictor or by 
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a diverter which diverts some of the exhaust gas 
around the turbocharger). Preventing substantial fur- 
ther increase in turbocharger speed prevents sub- 
stantial further increase in intake manifold pressure. 
This in turn prevents substantial further increase in 5 
the force required to open the exhaust valves in the 
engine when the speed of the engine becomes rela- 
tively high. The timing of the engine brake can there- 
fore be set to deliver substantially increased braking 
horsepower at low and moderate engine speeds with- 10 
out risk that excessively high stresses will result when 
engine speed is higher. 

Further features of the invention, its nature and 
various advantages will be more apparent from the 
accompanying drawings and the following detailed 15 
description of the preferred embodiments. 

Brief Description of the Drawings 

FIG. 1 is a block diagram of an illustrative com- 20 
pression release engine braking system constructed 
in accordance with the principles of this invention. 

FIGS. 2 and 3 are graphs showing certain oper- 
ating parameters of illustrative compression release 
engine braking systems constructed without the ben- 25 
ef it of this invention. 

FIGS. 4-7 are graphs of certain operating para- 
meters of the system of FIG. 1 . 

FIG. 8 is a block diagram similar to FIG. 1 show- 
ing an alternative embodiment of the invention. 30 

FIG. 9 is a block diagram similar to FIG. 1 show- 
ing another alternative embodiment of the invention. 

FIG. 10 is a block diagram similar to FIG. 1 show- 
ing yet another alternative embodiment of the inven- 
tion. 35 

FIG. 11 is a block diagram similar to FIG. 1 show- 
ing still another alternative embodiment of the inven- 
tion. 

Detailed Description of the Preferred Embodiments 40 

As shown in FIG. 1, an illustrative compression 
release engine braking system 10 constructed in ac- 
cordance with the principles of this invention includes 
conventional internal combustion engine 20 having 45 
an intake manifold 18, an exhaust manifold 22, and a 
conventional compression release engine brake 24. 
Exhaust manifold 22 conveys engine exhaust gas to 
the turbine portion 30a of conventional turbocharger 
30. The turbine of turbocharger 30 rotates a gas pump 50 
in the pump portion 30b of the turbocharger in order 
to increase the pressure of the gas in intake manifold 
18. Exhaust gas leaving turbocharger turbine 30a 
flows through variable flow restrictor 40 and exits 
from the system via exhaust pipe 42. 55 

Flow restrictor 40 may be any of several types of 
devices for selectively somewhat restricting the flow 
of exhaust gas from turbocharger turbine 30a. For ex- 



ample, flow restrictor 40 may be a butterfly valve or 
a gate valve for partly obstructing the flow of exhaust 
gas through it Thus flow restrictor 40 may be some- 
what (ike a conventional exhaust brake of the type 
shown, for example, in Meneely U.S. patent 
4,848,289, but it has typically not been found neces- 
sary in connection with the present invention to close 
flow restrictor 40 to the degree that it functions sig- 
nificantly as an exhaust brake. Rather, as will be ex- 
plained in more detail below, in the present invention 
flow restrictor 40 is only typically dosed to the extent 
required to retard or slow down turbocharger turbine 
30a at relatively high engine speeds. Even a relatively 
small increase (e.g., a 4 p.s.i. increase) in exhaust 
gas pressure produced by flow restrictor 40 may be 
sufficient to retard turbocharger turbine 30a in accor- 
dance with this invention. 

In accordance with the present invention, the ex- 
tent to which flow restrictor 40 is closed during engine 
braking is determined by the speed of engine 20. In 
the embodiment shown in FIG. 1 engine speed is 
monitored by pressure sensor 50, which monitors the 
pressure of the gas in intake manifold 18. Intake 
manifold gas pressure is an indicator of engine speed 
because the effect of turbocharger 30 is to substan- 
tially increase intake manifold pressure as engine 
speed increases. 

Pressure sensor 50 produces an output signal 
which is one input to comparator 52. The other input 
to comparator 52 is a predetermined reference signal 
54 which is indicative of a threshold intake manifold 
pressure (and therefore a threshold engine speed) at 
which flow restrictor 40 should begin to restrict ex- 
haust gas flow in order to suppress further increases 
in turbocharger effectiveness (i.e., speed) due to any 
further increase in engine speed. For example, com- 
parator 52 may continuously subtract reference sig- 
nal 54 from the output signal of pressure sensor 50 
and apply to flow restrictor actuator 60 a signal indi- 
cative of the result of this subtraction. As soon as the 
signal applied to actuator 60 becomes positive, ac- 
tuator 60 begins to close flow restrictor 40, thereby 
suppressing the response of turbocharger 30 to fur- 
ther increases in the speed of engine 20. In other 
words, closing flow restrictor 40 reduces the speed of 
turbocharger 30 from what it otherwise would be if 
flow restrictor 40 was fully open or not present. 

FIGS. 2 and 3 illustrate the motivation for the 
present invention. Both of these FIGS, show typical 
performance data without the present invention. In 
FIG. 2 the load imposed by engine brake 24 on the 
fuel injector pushtubes of engine 20 is shown as a 
function of engine speed for two different timing set- 
tings of engine brake 24. The upper curve in FIG. 2 
relates to setting engine brake 24 with a lash" of .023 
inches. (The engine brake lash is the "at rest", "cold 
engine" clearance between each slave piston and the 
portion of the exhaust valve mechanism operated on 
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by the slave piston when the engine brake is on.) This 
relatively large clearance delays exhaust valve open- 
ing until closer to top dead center of the compression 
stroke than the smaller .016 inch lash of the lower 
curve in FIG. 2. 

Because exhaust valve opening occurs closer to 
top dead center with the .023 inch lash setting, the 
gas pressure in the associated engine cylinder is 
higher for the .023 inch setting. This in turn means 
that the load on the engine brake and engine compo- 
nents involved in opening the exhaust valves is higher 
for the .023 inch setting. In the particular engine and 
engine brake combination to which FIG. 2 applies, the 
limiting factor is the permissible load on the fuel injec- 
tor pushtubes in the engine. As indicated by the brok- 
en line A in FIG. 2, the engine manufacturer has spe- 
cified that fuel injector pushtube load should not ex- 
ceed 3600 pounds. As FIG. 2 shows, this limit is ex- 
ceeded with the .023 inch lash setting whenever en- 
gine speed is above about 1700 RPM. The .023 inch 
setting therefore cannot be used in the absence of the 
present invention, even though FIG. 3 shows that it 
would be highly desirable to do so because it produc- 
es substantially more engine braking horsepower 
than the .016 inch lash setting. Despite the lower en- 
gine braking horsepower produced, the .016 inch lash 
setting must be used (in the absence of this invention) 
in order to ensure that fuel injector pushtube load limit 
A is not exceeded at any engine speed for which the 
engine is rated. FIG. 3 shows, for example, that about 
23% more braking horsepower would be available at 
1700 RPM if the .023 inch lash setting rather than 
the .016 inch lash setting could be used. However, in 
the absence of the present invention it is not safe for 
engine 20 to set engine brake 24 with .023 inch lash 
because (as FIG. 2 shows) that leads to unacceptably 
high loads on the fuel injector pushtubes in engine 20 
at speeds above 1700 RPM. 

In accordance with the present invention as illu- 
strated in FIG. 1, lash settings (like the .023 inch set- 
ting described above) that produce more engine brak- 
ing at low and moderate engine speeds can be used 
without exceeding stress limits at higher engine 
speeds by closing flow restrictor 40 when engine 20 
is in the relatively high speed range that would other- 
wise cause the above-mentioned stress limits to be 
exceeded. FIG. 4, for example, illustrates typical 
backpressure produced by flow restrictor 40 as a 
function of engine speed in accordance with this in- 
vention. (The backpressure values specified in FIG. 
4 are pressures in excess of what the pressure would 
be at the same point in the system without flow re- 
strictor 40 or with flow restrictor 40 fully open.) 

At engine speeds above about 1500 RPM, flow 
restrictor 40 is closed to the extent required to pro- 
duce the appropriate backpressure shown for that en- 
gine speed in FIG. 4. For example, if engine speed (as 
sensed by pressure sensor 50) is 1 700 RPM, flow re- 



strictor 40 is closed to the extent required to produce 
a backpressure on turbine 30a of approximately 4 psi. 
If engine speed is 2100 RPM, flow restrictor 40 is 
closed to the extent required to produce a backpres- 
5 sure on turbine 30a of approximately 6 psi. (It will be 
understood that the particular pressures and pres- 
sure profile shown in FIG. 4 are merely exemplary 
and that other systems may require other pressures 
and/or other pressure profiles.) The effect of this 
10 backpressure is to significantly reduce the speed of 
turbine 30a from what it would be without this back- 
pressure. This in turn reduces the increase in intake 
manifold pressure and engine cylinder pressure pro- 
duced by turbocharger pump 30b (compare the solid 
15 line intake manifold pressure profile in FIG. 5 to the 
conventional dotted line profile in that FIG.). For each 
engine speed that would otherwise cause a stress 
limit to be exceeded, flow restrictor 40 is controlled to 
produce the amount of backpressure required to pre- 
20 vent that stress limit from being exceeded. Thus, as 
shown in FIG. 6, the effect of flow restrictor 40, con- 
trolled as described above, is to prevent the fuel in- 
jector pushtube load from exceeding limit A even 
when engine brake 24 has a .023 inch lash setting 
25 and engine speed is relatively high. 

FIG. 7 shows the effect of the above-described 
operation of flow restrictor 40 on the engine braking 
available from the system with engine brake 24 set 
with a .023 inch lash. (The .016 inch lash curve from 
30 FIG. 3 is repeated in FIG. 7 as a broken line for com- 
parison.) At low and moderate engine speeds sub- 
stantially more engine braking is produced than would 
be available if a .016 inch lash setting were used. At 
higher engine speeds, when flow restrictor 40 begins 
35 to have a significant effect on the performance of tur- 
bocharger 30, the .023 inch lash horsepower curve 
begins to fall below what it would be without flow re- 
strictor 40 (compare the upper end of the .023 inch 
lash curve in FIG. 3). At even higher engine speeds 
40 (e.g., above about 1900 RPM) the .023 inch lash 
curve in FIG. 7 may even be below the .01 6 inch lash 
curve from FIG. 3. However, the modern emphasis on 
operating engines as much as possible at lower 
speeds (e.g., for better fuel economy and longer life) 
45 makes it acceptable to sacrifice some engine braking 
horsepower at high engine speeds in order to in- 
crease engine braking horsepower at low and moder- 
ate engine speeds. For driving stability, however, it is 
preferred that engine braking horsepower continue to 
so increase with increased engine speed throughout the 
entire speed range of the engine. The .023 inch lash 
curve shown in FIG. 7 has this preferred characteris- 
tic. 

As FIG. 4 suggests, flow restrictor 40 may be re- 
55 quired to respond in a fairly complex fashion to differ- 
ent engine speeds. The necessary flow restrictor re- 
sponse may be achievable with the relatively simple 
feedback loop 50, 52, and 60 shown in FIG. 1, or it- 
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may be preferred to employ a microprocessor 56 in 
the feedback loop as shown in FIG. 8. Microprocessor 
56 may function as a look-up table, i.e., responding 
to the value of the pressure sensor output signal by 
looking up in a memory an appropriate corresponding 5 
value for application to actuator 60 to produce the 
amount of closure of flow restrictor 40 required to 
cause a desired backpressure on turbine 30a. Alter- 
natively, microprocessor 56 may use a previously 
stored algorithm to calculate the value to be applied to 
to actuator 60 in response to the value of the output 
of pressure sensor 50. 

Other alternative embodiments of the invention 
are shown in FIGS. 9-11. In FIG. 9 engine speed is 
monitored directly (e.g., by engine tachometer 26) in- 15 
stead of indirectly by monitoring intake manifold pres- 
sure as in FIGS. 1 and 8. 

There are also alternatives to using a flow restric- 
tor downstream from turbine 30a to modify the per- 
formance of turbocharger 30. For example, FIG. 10 20 
shows the alternative of placing flow restrictor 40 up- 
stream from turbine 30a. In FIG. 11 diverter 44 can be 
opened by diverter actuator 62 to allow some of the 
engine exhaust gas to bypass turbine 30a when it is 
desired to slow down turbocharger 30. Diverter 44 25 
may be a butterfly valve or a gate value device similar 
to above-described flow restrictor 40, except that di- 
verter 44 is opened rather than partly closed when it 
is desired to slow down the turbocharger. 

It will be understood that the foregoing is only il- 30 
lustrative of the principles of this invention, and that 
various modifications can be made by those skilled in 
the art without departing from the scope and spirit of 
the invention. For example, although in the depicted 
embodiments fuel injector pushtube stress is the lim- 35 
iting load consideration, in other embodiments other 
factors may be the limiting constraint. As another ex- 
ample of possible modifications, a comparator 52 of 
the type shown in FIG. 1 can be substituted for the mi- 
croprocessor 56 in any of the other embodiments, or 40 
any equivalent electrical, mechanical, or electrome- 
chanical device or devices can be substituted for ele- 
ments 52 or 56 and the other components associated 
with those elements. 



Claims 

1. In a compression release engine braking system 

including a turbocharged internal combustion en- 50 
gine and a compression release engine brake for 
opening at least one exhaust valve in the engine 
near top dead center of the compression stroke 
of the engine piston in the engine cylinder served 
by that exhaust valve, apparatus for reducing the 55 
force required from the engine brake to open said 
exhaust valve when the engine is turning at rela- 
tively high speeds comprising: 



means for monitoring a characteristic of 
the engine which is indicative of engine speed; 
and 

means responsive to said means for mon- 
itoring for retarding the turbocharger when said 
characteristic indicates that the speed of the en- 
gine is greater than a predetermined threshold 
value. 

2. The apparatus defined in claim 1 wherein said 
means for retarding comprises: 

means for restricting the flow of engine ex- 
haust gas through the turbine of the turbocharg- 
er. 

3. The apparatus defined in claim 2 wherein said 
means for restricting comprises a variable flow 
restrictor. 

4. The apparatus defined in claim 3 wherein said 
variable flow restrictor is disposed in the exhaust 
line of said engine downstream from said turbine. 

5. The apparatus defined in claim 3 wherein said 
variable flow restrictor is disposed in the exhaust 
line of said engine upstream from said turbine. 

6. The apparatus defined in claim 1 wherein said 
means for retarding comprises: 

means for allowing a portion of the engine 
exhaust gas to bypass the turbine of the turbo- 
charger. 

7. The apparatus defined in claim 1 wherein said 
means for monitoring comprises: 

means for monitoring the pressure of the 
gas in said intake manifold. 

8. The apparatus defined in claim 1 wherein said 
means for monitoring comprises: 

a tachometer for monitoring the speed of 
the engine. 

9. A method of operating a compression release en- 
gine braking system which includes a turbo- 
charged internal combustion engine and a com- 
pression release engine brake for opening at 
least one exhaust valve in the engine near top 
dead center of the compression stroke of the en- 
gine piston in the engine cylinder served by that 
exhaust valve, said method comprising the steps 
of: 

monitoring a characteristic of the engine 
which is indicative of engine speed; and 

retarding the turbocharger when said 
characteristic indicates that the speed of the en- 
gine is greater than a predetermined threshold 
value in order to reduce the force required from 
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the engine brake to open said exhaust valve 
when the engine is turning at relatively high 

speeds. 

10. The method defined in claim 9 wherein said re- 5 
tarding step comprises the step of: 

restricting the flow of engine exhaust gas 
through the turbine of the turbocharger. 

11. The method defined in claim 10 wherein said re- 10 
stricting step comprises the step of: 

restricting the flow of engine exhaust gas 
exiting from the turbine of the turbocharger. 

12. The method defined in claim 10 wherein said re- 15 
stricting step comprises the step of: 

restricting the flow of engine exhaust gas 
from the engine to the turbine of the turbocharg- 
er. 

20 

13. The method defined in claim 9 wherein said re- 
tarding step comprises the step of: 

allowing a portion of the engine exhaust 
gas to bypass the turbine of the turbocharger. 

25 

14. The method defined in claim 9 wherein said mon- 
itoring step comprises the step of: 

monitoring the pressure of the gas in said 
intake manifold. 

30 

1 5. The method defined in claim 9 wherein said mon- 
itoring step comprises the step of: 

monitoring the speed of the engine. 

35 
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(54) Compression release engine braking systems. 

(57) In a compression release engine braking sys- 
tem for a turbocharged internal combustion 
engine, excessive stress associated with open- 
ing the exhaust valves of the engine near top 
dead center of engine compression strokes 
when the engine is turning at high speed is 
prevented by reducing the intake manifold 
pressure from what it otherwise would be at that 
high speed. This is done by retarding the tur- 
bocharger so that its speed is less than it 
otherwise would be at high engine speed. Tur- 
bocharger retarding can be accomplished in 
any of several ways such as by restricting the 
flow of engine exhaust gas to or from the 
turbocharger, or by allowing a portion of the 
exhaust gas to bypass the turbocharger. 
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